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Fracturing Fluid CompositionFracturing Fluid Composition 

Fluid TypesFluid Types 

g pg p 
AdditivesAdditivesypyp 

–– Water-based FluidsWater-based Fluids 
•• Linear Polymer SolutionLinear Polymer Solution 
•• Crosslinked GelCrosslinked Gel 
•• Viscoelastic SurfactantsViscoelastic Surfactants 

–– OilOil--basedbased FFluidsluidsbasedbased FluidsFluidsOilOil 
–– Acid-based FluidsAcid-based Fluids 
–– Multiphase FluidsMultiphase Fluids 

•• EmulsionsEmulsions 
•• FoamsFoams 
••  EnergizedEnergized 

–– Gelling AgentsGelling Agents 
–– CrosslinkersCrosslinkers 
–– BreakersBreakers 
–– Fluid Loss AdditivesFluid Loss Additives 

dd–– BiociBiociddeess 
–– Thermal StabilizersThermal Stabilizers 

SurfactantsSurfactants–– SurfactantsSurfactants 
–– Clay ControlClay Control AdditivesAdditives
 

• Energized• Energized 



    

Gelling AgentsGelling Agents 

• Increase Fluid Viscosity for Improved Proppant 
Transport

• Increase Fluid Viscosity for Improved Proppant 
TransportTransport
– Into perforations
– Along fracture

Transport 
– Into perforations 
– Along fracture 

• Reduce Fluid Loss to Reservoir 
– Deposit filtercake

• Reduce Fluid Loss to Reservoir 
– Deposit filtercake 
– Viscous resistance in porous media 

• Create/Maintain Desired Fracture Geometry

– Viscous resistance in porous media 

• Create/Maintain Desired Fracture Geometry/ y

• Reduce Friction Pressure Loss in Wellbore
– Slick Water applications

/ y 

• Reduce Friction Pressure Loss in Wellbore 
– Slick Water applicationsSlick Water applicationsSlick Water applications 



      

    

    

    

    

Common Frac Fluid Gelling AgentsCommon Frac Fluid Gelling Agents 

• Guar
• Guar Derivatives
• Guar 
• Guar Derivatives 

• Synthetic Polymers
– Polyacrylic Acid (PAc)

• Synthetic Polymers 
– Polyacrylic Acid (PAc)Guar DerivativesGuar Derivatives 

–– Hydroxypropyl GuarHydroxypropyl Guar 
(HPG)(HPG) 

–– CarboxymethylCarboxymethyl GGuaruarCarboxymethylCarboxymethyl GuarGuar 
(CMG)(CMG) 

–– CarboxymethylCarboxymethyl 
HydroxypropylHydroxypropyl GGuaruarHydroxypropylHydroxypropyl GuarGuar 
(CMHPG)(CMHPG) 

•• CelluloseCellulose 
HydroxyethylHydroxyethyl–– CelluloseCelluloseHydroxyethylHydroxyethyl CelluloseCellulose 
(HEC)(HEC) 

–– CarboxymethylCarboxymethyl 
HydroxyethylHydroxyethyl CelluloseCellulose 

PPoolylyacrylicacrylic AcidAcid (P(PAc)Ac) 
–– PPoolylyacrylamide (Pacrylamide (PAm)Am) 
–– PPaartially Hyrtially Hydrdrolyzolyzeded 

llPoPollyayaccrr llyyllamiamidd ((ee ((PHPPHPAA))dd )) 
–– Acrylamido-methAcrylamido-methyyl-prl-propaneopane 

sulfsulfonateonate ((AMPSAMPS))))(( 

•• Viscoelastic SurfViscoelastic Surfactantsactants 
–– CationicCationic 
–– AnioniAnionicc 
–– AmphotericAmphoteric 

Hydroxyethyl Cellulose
(CMHEC)
Hydroxyethyl Cellulose 
(CMHEC) 
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Typical Usage Rate of 
Frac Fluid Gelling Agents

Typical Usage Rate of 
Frac Fluid Gelling AgentsFracFrac FluidFluid GellingGelling AgentsAgents
 

Polymero y  
Concentration 

(by weight)(by weight) 
Guar < 1% 
HPGHPG < 1%< 1% 
CMHPG < 1% 
HECHEC < 1%< 1% 
CMHEC < 1% 

Synthetic Polymers < 0.05% 

Viscoelastic Surfactants < 2% 



   

 

   

 

            

CrosslinkersCrosslinkers 

• Increase Effective Molecular Weight by 
Chemically Linking Polymer Chains

• Increase Effective Molecular Weight by 
Chemically Linking Polymer ChainsChemically Linking Polymer Chains

• Create 3D Structure – Increases Elasticity

Chemically Linking Polymer Chains 

• Create 3D Structure – Increases Elasticityyy 
and Suspension Properties

• React w/ Specific Sites (Functional Units)

and Suspension Properties 

• React w/ Specific Sites (Functional Units)• React w/ Specific Sites (Functional Units)
on Polymers

• React w/ Specific Sites (Functional Units) 
on Polymers 

• Each Crosslinker Has Unique Reaction 
Requirements and Behavior

• Each Crosslinker Has Unique Reaction 
Requirements and Behavior 
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Common Crosslinker CompoundsCommon Crosslinker Compounds 
Metallic (Ti & Zr)
• Chelated Compounds
Metallic (Ti & Zr) 
• 	 Chelated Compounds 

Borate
• Simple Salt (H BO &
Borate 
• Simple Salt (H BO &•• ChelatedChelated CompoundsCompounds
 

–– Retard OxideRetard Oxide 

FormationFormation
 

•• Crosslinking RateCrosslinking Rate 
Controlled byControlled by 
ComplexComplex StabilityStability aandnd 

••	 SimpleSimple SaltSalt (H(H33BOBO33 && 
Borax)Borax) 

• SlowlySlowly SSolubleoluble SaltsSaltsSolubleSoluble SaltsSaltsSlowlySlowly
 
(Ca and Mg Salts)(Ca and Mg Salts)
 

••	 Borate EstersBorate Esters 
Complex Stability and
Ligand Concentration 

• Non-reversible

Complex Stability and 
Ligand Concentration 

• Non -reversible 

• Polyborates• Polyborates 

Non reversible
• Shear Degraded

Non reversible 
• Shear Degraded 



  

    
 

Typical Usage Rate of CommonTypical Usage Rate of Commonyp g
Crosslinker Compounds

yp g 
Crosslinker Compounds 

General ClassGeneral Class Concentration RangeConcentration Range 
Borate < 150 ppm as Boron 
TitanateTitanate < 150 ppm as Titanium150 ppm as Titanium 
Zirconate < 100 ppm as Zirconium 
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BreakersBreakers 
• Purpose• Purpose • Common Types• Common Types 

–– Improve FlowbackImprove Flowback && 
Maximize ConductivityMaximize Conductivity 

•• MechanismMechanism•• MechanismMechanism 
–– Reduce PolymerReduce Polymer 

Molecular WeiMolecular Weigghhttgg 
–– React with SpecificReact with Specific 

Sites in Polymer ChainSites in Polymer Chain 

–– OxidizerOxidizerss 
•• PPeersulfrsulfaatete 
• PPeerborrborateatePPeerborrborateate 
•• HypochloriteHypochlorite 
•• Mg &Mg & CaCa PPeerrooxidexide 

EE–– EEnzymenzymess 
–– AcidsAcids 

•• EstersEsters ofof 
– Reverse Crosslinking 

(Borate Only)
– Reverse Crosslinking 

(Borate Only) 

• Esters of
hydroxycarboxylic 
acids

• Esters of 
hydroxycarboxylic 
acids 
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